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Objectives: To evaluate the occurrence of maternal brain centralization in pregnant women
with  speciﬁc gestational hypertension; to establish normal values of the ratio of the uter-
ine artery with (mean and standard deviation) ophthalmic artery; to compare the ratio of
uterine to the ophthalmic artery with normal and abnormal groups; and to establish the
Receiver Operator Curve (ROC) for diagnosis of patients with speciﬁc hypertensive disease
of  pregnancy.
Methods: To achieve the proposed objectives a case–control study was carried out where
the  sample consisted of 178 pregnant patients divided into two groups. The control group
included pregnant 83 pregnant normotensive women; a case group included 95 patients
with clinical and laboratory diagnoses of speciﬁc gestational hypertension.
Results: Patients with preeclampsia had lower values than the patients who had eclampsia.
The Doppler parameters that were statistically signiﬁcant were those of the ratio of uterine
artery with the ophthalmic artery (AU/AO) and vice versa. A comparison between the normal
curve systole–diastole and the respective cut-off point was performed. A ROC is shown in the
cut-off considering the systolic velocity, the diastolic velocity, the systole/diastole relation,
and  the index of resistance of the ophthalmic artery.
Conclusion: The maternal centralization in high risk pregnancies was observed when speciﬁcgestational hypertension is real. The normal curve has a mean and standard deviation of
the  relative Doppler of the uterine artery to the ophthalmic artery systolic/diastolic ratio
was 0.43 ± 0.16 for normal pregnant patients. Comparing the group of patients with normal
pathological group of patients there was a statistically signiﬁcant difference between them∗ Corresponding author.
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considering the relation of Doppler uterine artery with ophthalmic artery. The cut-off point
was  more sensitive, veriﬁed by ROC, which deﬁnes maternal brain centralization in patients
with  speciﬁc gestational hypertension as 0.57 for the Doppler systolic/diastolic ratio of the
uterine artery compared with the ophthalmic artery, with 78% sensitivity and 13% false
positive.
©  2015 Sociedade Brasileira de Reproduc¸ão Humana. Published by Elsevier Editora Ltda. All
rights reserved.
Centralizac¸ão cerebral  do  ﬂuxo  sanguíneo  materno  em  grávidas
com  hipertensão  gestacional  especíﬁca
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Pré-eclâmpsia
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Objetivos: Avaliar a ocorrência de centralizac¸ão no cérebro materno em grávidas com
hipertensão gestacional especíﬁca; estabelecer os valores normais (média e desvio padrão)
da  razão artéria uterina/artéria oftálmica; comparar a razão artéria uterina/artéria oftálmica
entre grupos normal e enfermo; estabelecer a curva ROC para o diagnóstico de pacientes
com  doenc¸a hipertensiva especíﬁca da gravidez.
Métodos: Estudo de caso-controle em uma amostra de 178 pacientes gestantes, divididas
em  dois grupos. O grupo controle consistiu em 83 grávidas normotensas; o grupo de casos
consistiu em 95 pacientes com diagnóstico clínico e laboratorial de hipertensão gestacional
especíﬁca.
Resultados: Pacientes com pré-eclâmpsia apresentaram valores mais baixos versus
pacientes que sofreram eclampsia. Os parâmetros da sonograﬁa Doppler estatisticamente
signiﬁcativos foram os referentes à relac¸ão artéria uterina/artéria oftálmica (AU/AO) e vice
versa. Foi trac¸ada uma curva de normalidade para sístole-diástole de comparac¸ão com os
respectivos pontos de corte. A curva ROC exibe os pontos de corte, respectivamente, para
velocidade sistólica, velocidade diastólica, razão sístole/diástole e índice de resistência da
artéria oftálmica.
Conclusão: Foi observada centralizac¸ão materna em gestac¸ões de alto risco em casos de
hipertensão gestacional especíﬁca. Na curva normal, a média ± desvio-padrão da relac¸ão
sistólica/diastólica entre artéria uterina e artéria oftálmica foi de 0,43 ± 0,16 (Doppler) para
pacientes grávidas normais. Comparando-se o grupo de pacientes normais com o grupo
de  pacientes enfermas, houve diferenc¸a estatisticamente signiﬁcativa entre grupos, con-
siderando o estudo Doppler para a razão artéria uterina/artéria oftálmica. O ponto de corte
mais sensível, veriﬁcado pela curva ROC, deﬁnindo centralizac¸ão cerebral materna em
pacientes com hipertensão gestacional especíﬁca, foi de 0,57 para a razão sístole/diástole
da artéria uterina versus artéria oftálmica (Doppler), com 78% de sensibilidade e 13% de
resultados falso-positivos.
© 2015 Sociedade Brasileira de Reproduc¸ão Humana. Publicado por Elsevier Editora
Ltda. Todos os direitos reservados.
and early stage of the disease that can be prevented or revers-Introduction
Preeclampsia (PE) and eclampsia (E) are important causes of
maternal and perinatal morbidity and mortality worldwide.
They are complicated by other speciﬁc gestational hyperten-
sion in about 2–8% of pregnancies.1–3
According to the National Monitoring Report on the Millen-
nium Development Goals by the World Health Organization,
Brazil reported a drop of 43% in the proportion of deaths
among women experiencing complications during pregnancy
or childbirth from 1990 to 2013. This is in line with the
reduction in maternal mortality worldwide. However, this
rate will not achieve the proposed 35 maternal deaths per
100,000 births by 2015.3,4PE is a disease of unknown cause. Various theories have
been proposed to explain its pathophysiology, two  of which
greatly support the vascular theory and immune theory,
respectively. The vascular theory is based on the presence
of “ischemia-perfusion defects” that lead to oxidative stress
and vascular disease. According to the immune theory, PE is
caused by poor maternal and paternal immune adaptation i.e.,
a maternal alloimmune reaction triggered by rejection of the
fetal graft.5–7
Effective prevention depends on the recognition of a latented and the availability of effective intervention methods. Clin-
ical experience suggests that early detection and treatment of
PE is beneﬁcial to both the patient and fetus.2,5,8–11
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Knowledge of vascular changes during the pregnancy-
uerperal cycle is critical for ensuring a better prognosis for
oth pregnant women and their fetuses, and obstetric Doppler
xamination is the gold standard technique for this analysis.
hus, the objective of this research was to evaluate the occur-
ence of maternal brain centralization in pregnant women
ith speciﬁc gestational hypertension, to establish normal
alues of the ratio of the uterine artery with ophthalmic artery,
nd to compare the ratio of uterine to the ophthalmic artery
ith normal and abnormal groups. Setting the cut-off point
y ROC curve, with speciﬁc gestational hypertension and to
stablish the cut-off between normal and speciﬁc gestational
ypertension.
ethods
 case–control study involving assessment of the OA, and UA,
as performed using Doppler ultrasound in pregnant women
n the second and third quarter. Patients were recruited in 2013
rom among pregnant women at low and high risk from the
epartment of Obstetrics and Gynecology, Hospital das Clin-cas, Federal University of Goiás, Mother and Child Hospital,
nd Clinical Diagnostics Femina Clinic Fertile services.
The sample size comprised 178 pregnant women. The
atients were divided into a control group of 83 normal
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CUTTING POINT 
Variable  CONSIDERED 
SENSITIVITY 
 VS  (UD/AO)  0,78 
 VD (UD/AO)  0,78 
 A/B (UD/AO) 0,78 
 IR (UD/AO)  0,81 
 VS-systolic velocity, VD- diastolic velocity, A-B – systo
UD/AO-  artery uterine / ophthalmic artery  
ig. 1 – Normal curve adjusted with a cutting point of the systole
rtery in normal pregnant women, Goiânia, 2013–2014.;3  0(1):19–24 21
patients and 95 pathological patients with clinical and labora-
tory diagnoses of PE and E. The pathological group was further
divided into three subgroups: patients with mild preeclampsia
(n = 31), severe preeclampsia (n = 60), and eclampsia (n = 4). The
sample size was obtained through calculation for a ﬁnite pop-
ulation, assuming that the collection sites showed a ﬂow of
approximately 2300 pregnant women from 1 month and with
an error of 0.8%; a sample of 85.5 patients was required.
The inclusion criteria for both groups were women with
spontaneous pregnancy and no comorbidities, no history of
drug ingestion, normal blood pressure levels at the begin-
ning of pregnancy, agreement to participate, and completion
of written informed consent.
A further inclusion criterion in the PE and E groups was
meeting the clinical and laboratory criteria for diagnosis of
either PE or E, respectively. The criteria used for diagnosis of
PE and E were those described in the National High Blood
Pressure Education Program.12 The criteria for PEL were one
blood pressure measurement of ≥140/90 mmHg  out of at least
two measurements performed after the 20th week of preg-
nancy, without hypertension (except cases of trophoblastic
disease which may be associated with PE before 20 weeks)
associated with proteinuria of 0.3–2.0 g in 24 h or 1+ on a ran-
dom urine sample. PEG was considered to be present when
blood pressure of ≥160/110 mmHg  was associated with any of
the following signs, symptoms, or laboratory abnormalities:
Eclampsiare
–
0.
7
0.
0
0.
6
1.
3
2.
0
2.
6
3.
3
–
0.
4
0.
0
0.
5
0.
9
1.
3
1.
7
2.
2
le / diastole, IR - Resistance index 
VALUE CUTTING  POINT  
 1 - Specific ity  
0,96 0,06 
0,96 0,09 
0,13 0,57 
0,51 0,56 
le / diastole, IR - Resistance index 
/diastole relation of the relation uterine artery/ophthalmic
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Table 1 – Parameters of the variables in the
epidemiological proﬁle in accordance with the normal
and abnormal groups (pre-eclampsia, eclampsia and
pregnant women), in Goiânia 2013–2014.
Variable Normal (control) Pathological (case) p
n Mean ± SD n Mean ± SD
Gestation 78 1.71 ± 0.84 93 2.22 ± 1.65 0.019
Parturition 78 0.60 ± 0.76 93 1.12 ± 1.46 0.008
Abortion 78 0.09 ± 0.33 93 0.25 ± 0.65 0.070
BMI 81 26.88 ± 5.60 92 30.55 ± 5.12 <0.001
Age 82 29.87 ± 4.71 94 26.14 ± 6.17 <0.001
IG 79 34.67 ± 3.57 90 32.40 ± 3.37 <0.001
BMI, body mass index; IG, gestational age.
Test: Kruskal Wallis.
Table 2 – Analysis of Doppler parameters of the variables
according to the normal group (control) and case (mild,
severe and eclampsia), in Goiânia 2013–2014.
Variables Normal (control) Pathological (case) p
n Mean ± SD n Mean ± SD
UD/AO
VS 83 2.35 ± 1.14 95 1.56 ± 1.20 <0.001
VD 83 5.90 ± 3.31 95 2.06 ± 1.88 <0.001
A/B 83 0.43 ± 0.16 95 1.00 ± 0.74 <0.001
IR 83 0.57 ± 0.16 95 0.84 ± 0.37 <0.001
VS, systolic velocity; VD, diastolic velocity; A/B, systole/diastole; IR,22  r e p r o d c l i m
proteinuria of ≥2 g in 24 h, serum creatinine above 1, 2 mg/dL
proteinuria; persistent headache and/or abdominal pain
and/or visual disturbances; changes in habitual behavior
(mood swings); anasarca; signs of microangiopathic anemia
and/or elevation of liver enzymes and/or a low platelet count
(<100,000/mm3); and eclampsia. Eclampsia is deﬁned by the
expression of one or more  tonic–clonic seizures general-
ized and/or coma in a pregnant woman with gestational
hypertension or preeclampsia, with absence of neurological
disorders.5,6,12–15
Pregnant women who  went into labor during Doppler
ultrasound and those with other types of hypertension and
comorbidities were excluded.
Imaging was performed with an ultrasound machine
equipped with pulsed Doppler and color ﬂow mapping and
an electronic transducer (linear, 7.5 MHz; convex, 5.0 MHz)
(Philips and Medison Accuvix). All examinations were per-
formed by our own researcher who has experience in this
type of examination, and a report with the results found was
delivered to the patient.
For Doppler examination of the OA, the patients were
placed in the supine position and a drop of gel was adminis-
tered onto the right upper eyelid with the patient’s eyes closed.
The transducer was then transversely positioned on the eye-
lid. The transducer was moved in the craniocaudal direction
without pressure, thus avoiding possible changes in local ﬂow.
The evaluation technique described by Diniz et al.16 was used.
After identifying the ophthalmic artery (OA), brachial artery
(BA) and uterine artery (UA) were recorded for about six waves
with a good standard, and the proposed index (velocity sys-
tolic, diastolic velocity, resistance index and systole-diastole
relationship) was then measured. The images were analyzed
in real time. The insonation angle between the ultrasound
beam and the blood ﬂow was maintained to the greatest extent
possible between 30◦ and 60◦. The ﬁlter was 50 Hz, pulse rep-
etition frequency was 125 kHz, and volume-adjusted sample
was 2–3 mm.
The OA was displayed next to the optic nerve. Flow mea-
surement of the OA was performed nasal and superior to the
optic nerve 10–15 mm posterior scleral wall position, Fig. 1.
A 7-MHz linear transducer was used.16
The UA was assessed near the iliac vessels in its portion
proximally. A 3.5-MHz convex transducer was used.
The following Doppler parameters were analyzed in the
three vessels: the systolic velocity (SV), diastolic velocity (DV),
resistance index, and systole/diastole ratio. The resistance
index was calculated as follows: (SV–DV)/SV. Additionally, epi-
demiological variables such as number of pregnancies, parity,
abortion, weight, height, body mass index (BMI), maternal age,
and gestational age were studied.
Comparison of the homogeneity of the groups was per-
formed by calculating the mean, standard deviation for cut-off
values, and p normal course of epidemiological variables. The
Kolmogorov–Smirnov test results showed that the data had a
normal distribution. After removal of the variables, we used
the Kruskal–Wallis test, Mann–Whitney test, Student’s t test,
and Fisher’s exact test for validation of the associations found.
After determining the variables, a reference curve was plot-
ted for the normal pregnancies to establish the cut-off point
which determines maternal cerebral centralization. The ROCresistance index.
Test: logistic regression analysis.
curve, with power of discrimination between normal pregnant
women and pregnant women with speciﬁc gestational hyper-
tension, was made.
The study protocol was approved by the Regional Ethics
Committee of the Maternal and Child Hospital (HMI/SES).
Results
A total of 178 patients took part in our study. The average
age of patients in the group of normal pregnant patients
was 29.8 ± 4.7 and patients with speciﬁc gestational hyperten-
sion it was 26.14 ± 6.17. The mean gestational age of normal
pregnant patients was 34.3 ± 3.5 weeks and patients with
speciﬁc gestational hypertension it was 32.40 ± 3.37. The aver-
age body mass index (BMI) of normal pregnant women was
26.8 ± 5.6 and for patients with speciﬁc gestational hyperten-
sion it was 30.55 ± 5.12 (Table 1).
In Table 2 through logistic regression analysis, the mean
and standard deviation of the UD/AO in accordance with the
normal group (control) and pathological (PEL, PEG, E) group
were performed. The Doppler parameters that were statisti-
cally signiﬁcant were those of AU/AO and vice versa.
The curve of the systole–diastole normally compared with
the respective cut-off point is shown in Fig. 1.Fig. 2 shows the ROC curve with the cut-off point, consid-
ering the systolic velocity, diastolic velocity, systolic/diastolic
ratio and resistance index of the ophthalmic artery.
r e p r o d c l i m . 2 0 1 5;3  0(1):19–24 23
1 - Specificity
1.00.80.60.40.20.0
Se
ns
itiv
ity
1.0
0.8
0.6
0.4
0.2
0.0
Reference Line
IR
A_B
VD
VS
Source of the Curve
ROC Curve
Fig. 2 – Receiver Operator Curve (ROC) for the systolic velocity, diastolic velocity, resistance index and systole/diastole
relation, in pregnant women, Goiânia, 2013–2014.
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fter an extensive literature review, we believe that the
resent study is the ﬁrst to analyze the Doppler variables of
wo different vessel ratios (UA/OA) to screen for PE. This topic
s of growing interest in the academic population.
Table 1 shows the epidemiological characteristics of groups
f normal pregnant women and patients with these speciﬁc
ypertensive diseases of pregnancy. The patients with speci-
c gestational hypertension presented index higher than that
f normal pregnant patients body mass. It was statistically
igniﬁcance for patients except during abortion.
Making the analysis of the relationship of the AU/AO, all
arameters were signiﬁcant. Patients with speciﬁc gestational
ypertension showed the mean values of systolic/diastolic
atio greater than normal patients (Table 2).
Because of limitations in the prevention of PE, focus has
een placed on identifying women at high risk of PE along with
onitoring clinical and laboratory parameters to recognize
he disease in its early stages. Many  clinical and laboratory
ariables have been used to assess the severity of the disease,
ncluding high blood pressure and proteinuria associated with
ymptoms such as headache, epigastric pain, and visual dis-
urbances. New variables that can help to identify severe cases
f PE would have great practical applications, allowing physi-
ians to more  intensively treat pregnant women at higher risk.
All parameters were signiﬁcant in the analysis of the UA/OA
atio. Patients with PEG had lower ratios than did patients
ith E. These data suggest that an increase in the UA/OA ratio
n patients with PEG indicates a worsening of symptoms and
otential development of E.The results were similar when we evaluated the right and
left UA. When the Doppler variables were reversed (i.e., UA/OA
to OA/UA), the normal pregnant women and women with spe-
ciﬁc gestational hypertension showed the greatest statistical
signiﬁcance.
Maternal centralization of blood ﬂow is best documented
when analyzing the UA/OA ratio. This may be explained by
changes in the UA in accordance with placentation. There is
a real possibility of maternal centralization of blood ﬂow in
pregnancies at high risk of PE (Table 2).
The normal curve has a mean and standard deviation of
the relative Doppler of the uterine artery to the ophthalmic
artery systolic/diastolic ratio that was 0.43 ± 0.16 for normal
pregnant women.
Comparing the group of patients with normal pathological
group of patients there was a statistically signiﬁcant difference
between them considering the relation of Doppler uterine
artery with ophthalmic artery.
The cut-off point by ROC curve, with power of discrimina-
tion between normal pregnant women and pregnant women
with speciﬁc gestational hypertension, was 0.57 compared to
the Doppler systolic/diastolic ratio of the uterine artery to the
ophthalmic artery, with 78% sensitivity and 13% false positive.
Vascular endothelial injury, clinically characterized as
endothelial dysfunction, has been widely demonstrated in
patients with PE through Doppler ﬂow meter measurement
of the UA and OA.17 There is evidence that vasodilation in
healthy patients generally reﬂects an increase in produc-
tion of endothelial-derived relaxing factor, especially those
dependent on nitric oxide, decreased vascular reactivity, and
vasoconstrictor peptides such as endothelin, thromboxane,
and angiotensin II.18 In patients with PE, placental ischemia
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leads to a release of soluble substances in the maternal blood-
stream, resulting in hyperactivity of these vasoconstrictive
factors. This change can be detected even before hypertension
becomes apparent.18
Lower values of ﬂow mediated dilation and high resis-
tance indices of the uterine arteries have been demonstrated
in patients who  subsequently developed PE, indicating that
the test can be used to predict the clinical manifestations of
PE.19–22 Endothelial dysfunction apparently precedes the clin-
ical manifestations of PE.20
The results of this study showed that the Doppler parame-
ters of the relationship between the UA and OA in pregnant
women with PE are signiﬁcantly different from those of
healthy pregnant women, indicating that the Doppler UA/OA
ratio can be used to assess the severity of PE. However, conﬁr-
mation of these ﬁndings in larger samples and more  ethnically
diverse populations is needed.
Conclusion
It is observed that the possibility of maternal centralization in
high risk pregnancies such as speciﬁc gestational hyperten-
sion is real.
The normal curve that has a mean and standard deviation
of the relative Doppler of the uterine artery to the ophthalmic
artery systolic/diastolic ratio was 0.43 ± 0.16 for GN.
Comparing the group of patients with normal pathological
group of patients there was a statistically signiﬁcant difference
between them considering the relation of Doppler uterine
artery with ophthalmic artery.
The cut-off point by ROC curve, with power of discrimina-
tion between normal pregnant women and pregnant women
with speciﬁc gestational hypertension, was 0.57 compared to
the Doppler systolic/diastolic ratio of the uterine artery to the
ophthalmic artery; the sensitivity was 78% and the false pos-
itive was of 13%.
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